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 Length-weight and allometric relationship was studied in Sepia pharaonis collected 
from Cuddalore fish landing centre, southeast coast of India, from June 2009 to May 
2010.  The slope value (b) estimated for male was found to be 2.1601 and for 
female 2.2508. The linear equation was fitted separately for male and female. To 
find out the differences any between then, the data were subjected to ANCOVA. 
The linear regressions were significant for both male and females (p<0.001). The 
regression equation calculated for female was Log W = 1.7454+1.3763 log L and 
for male was Log W = 0.0673+2.005 Log L. The correlation co-efficient (r) of both 
male and female were found in the insignificant at p<0.05 level. The slope values of 
other species were also compared and discussed. 
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INTRODUCTION 

 
The study of length-weight relationship (LWR) in animals is a basic biostatistical approach in biology and 

is usually applied in fisheries research also. Mathematical expression between length and weight is used in a 
condition where either one is unknown and also to measure the variation from expected weight of individual fish 
and as an indication of factors, general well-being general development, rate of feeding, degree of parasitization 
etc. (Le Cren, 1951). The LWR is a useful tool to convert length to weight and vice versa. In some cases it is 
easier to take measurements of weight rather than length, such as for cephalopods (Bello, 1991), and then 
weight data can be converted to length by using the LWR. Allometry is described the relationship between one 
body parameter and other. The allomeric relationship provides important information about comparative growth 
of various body parameters. A proper understanding of allometry in various body parts (S. pharaonis) is 
essential to define the growth of a species. The morphometric characters and their allometric relationship are to 
a large extent is influenced by age, local environmental condition and pollution density of the species. (Schaefer 
et al., 1985). In this paper we understand the length- weight and allometric relationship of cuttlefish S. 
pharaonis from east coast of Indian waters. 

 
MATERIALS AND METHODS 

 
Totally 327 (82 males and 245 females) were collected from the Cuddalore landing centre (Lat.11°42’ N; 

Long. 79°46’ E) southeast coast of India, during the period of one year (June 2009 to May 2010). All the 
animals were weighed using a weighing balance (Docbel–Braun) corrected to 1g for their total weight. The 
length were measured using a scale corrected to 1 mm for their total length (TL), mantle length (ML), mantle 
width (MW), head length (HL), arm length (AL) and tentacle length (Tn.L). 

Length- weight relationship by using the parabolic equation: W=aLn 
This can also be expressed in the logarithmic form as:  
Log W = log a + n log L (i.e., Y = a + bX)  
 
Where, a= log a; b= n; Y= log n and X=log L which is a linear relationship between Y and X. 
At the same time, the general equation Y = bX was used to study the allometric relationship between all the 

bodily characters that can also be expressed in its logarithmic form as Log Y = log b + log X (Wilbur, Owen 
1964). The relationship between the total length, total weight, mantle length, mantle width, head length, arm 
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length, and tentacle length of male and female S. pharaonis were studied in all combinations using linear 
regression technique and correlation coefficient (Simpson et al., 1960, John 1980, Shanmugam 1996).  

 
RESULTS AND DISCUSSION 

 
Length- Weight Relationship: 

The linear equation was fitted separately for male and female of S. pharaonis. To find out the differences 
any, between then, the data were subjected to ANCOVA. The individual regression equations derived for male 
and female of S. pharaonis are:  

Male: log W = 0.0673+2.005 log L and Female: log W = 1.7454+1.3763 log L.  
The analysis of variance revealed significant difference between male and female cuttlefish  

S. pharaonis. (Tables 1 to 3).  The correlation co-efficient (r) of both male and female cuttlefish were found to 
the insignificant at p<0.05 level. The scatter diagram of length- weight for both male and female are depicted in 
Fig.1.  
 
Allometric Relationship: 

The logarithmic linear regression and the correlations co-efficients for the above parameters are given in 
Tables 4 & 5. The correlation co-efficient for the different combinations are found to be insignificant at p<0.001 
level.  

Further the ‘b’ values were converted into tangent values and are shown in Tables 4 & 5. The morphometric 
character having the tangent values above 45° are said to be having possible allometry; while values below 45° 
are called negative allometry. The value equal to 45° is known as isometry which however was not encountered 
in the present study. The allometric relationship of the morphometric characters of male and female of S. 
pharaonis is shown in figs. 2 & 3. 
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Fig. 1: Logarithmic relationship between total length–total weights of male and female of S. pharaonis 

 
Table 1: Sum of squares and products of the total length-total weight relationship of male and female of S. pharaonis 

Sex ‘a’ ‘b’ ‘r’ Σx Σy Σx2 Σy2 Σxy 
Male 0.0673 2.0055 0.0856 213.012 432.7216 67.8475 118.2784 93.0629 
Female 1.7454 1.3763 0.8416 633.3777 1299.356 201.3105 354.5392 3373.125 

Σx, Σy = Sum of x and y, Σx2, Σy, Σxy = Sum of squares and products 
 
Table 2: Regression data of the total length – total weight of male and female animals of S. pharaonis 

 
Category 

Sum of squares and products Error estimation 
df x2 xy y2 b df ss 

Male 81 67.8475 93.0629 118.2784 2.0055 80 3.3055 
Female 244 201.3105 3373.125 354.5392 1.3763 243 12.7534 
Total 325 267.1580 3466.1880 472.8176 3.3818 223 16.0589 

df = degrees of freedom, X2, XY, Y2 = Corrected sum of squares and products 
b = regression co-efficient, ss = Sum of squares 
 
Table 3: Analysis of covariance for male and female animals of S. pharaonis 

 Source of variation df Sum of squares Mean square Observed ‘F’ 
Deviation from individual regression 
within sexes 

223 16.0589 0.0321  
20.0125 

Difference between regression 1 1 0.6424 

 
Length has an important function for the weight of fish (Weatherley, Gill 1987). Rao (1954) reported on 

LWR of S. arctipinnis (=S. lessoniana) as W = 0.0005 L2.449 for males and W = 0.0003 L2.659 for females. 
Segawa (1987) reported on the length-weight relationship of wild and cultured S. lessoniana and obtained the 
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regression equations W=0.0003 L2.675 (r = 0.99) and W=0.0004 L2.553) (r = 0.99), respectively. Mohamed Kasim 
(1988) calculated the LWR in S. inermis using the pooled data of male, female and indeterminate and found it as 
Log W = -2.0564+2.0013 Log L. In the present study the LWR of male is W = 0.0673+2.005 log L and female 
is W = 1.7454+1.3763 log L. The differences between the two equations were explained as being due to food 
supply and water condition. In the present study it was observed that the length and weight of S. pharaonis 
increases at the rate of cube. The values of b=2.0055 in case of male; the values of b showed negative allometry 
in the fish (S. pharaonis) in relation to length and weight. In case of female the value was observed b=1.3763 in 
the present study. These values are in accordance with the findings of (Mia, 1984). He reported regression 
coefficient of catfish Heteropneustes fossilis 2.61 for male, 2.80 and female from Bangladesh. Narejo et al. 
(2002) reported b= 3.13, 3.30 and 3.13 from male, female and combined sexes respectively in fresh water air-
breathing mud eel, Monopterus cuchia. The value of “b” may be different due to feeding, sex and maturity state. 
The results showed significant difference between sexes of the species and the ‘F’ values was found to be 
significant (Table 3). According to Silas et al. (1986) the squid Loligo duvauceli ‘b’ value was found to be 
2.3769 and 2.5201 for male and female respectively. Kuber (1987) while working on this same species from 
Mumbai coast found to be exponent ‘b’ to be 2.0551 and 2.3197 for male and females respectively. Sambasivam 
(2007) reported the ‘b’ values of male and female Octopus dollfusi varied between 2.28 and 2.59 respectively. 
Gabr et al. (1999) reported that the regression equations for female and males did not differ significantly and 
both sexes increased similarly in weight per unit gain in mantle in S. pharaonis. Meiyappen, Srinath (1989) 
calculated the LWR of this same species from Cochin waters and found to be 2.4 for males and 2.29 for females.  

The correlation coefficient (r) derived for males and females were 0.0856 and 0.8416 respectively showing 
a high degree of significance between length and weight. The observed total length plotted against total weight 
for males and females are presented in Fig.1. The linear regressions were significant for both male and females 
(p< 0.001). This (r) values is lower when compared to 0.60 to 0.96 obtained by Kuber (1987), Karnik, 
Chakraborty (2003) obtained the regressions ranged from 0.8075 to 0.9657 from squid Loligo duvauceli in 
Mumbai waters, west coast of India. Palpandi et al. (2010) obtained the (r) values from male and female of 
Nerita crepidularia were 0.8601 and 0.8119 respectively. The allometric growth is usually the result of 
differential growth of the arms with respect to mantle (Forsythe, 1984). 

 
Table 4: Allometric relationships for the different morphometric characters of male S. pharaonis 

Parameters ‘n’ ‘a’ ‘b’ Tangent Allometry ‘r’ ‘P’ value Regression equation 
TLXML 82 0.5909 0.9888 44.68° - 0.9521 <0.001 Y=0.5909+0.9888 log TL 
TLXMW 82 0.8311 0.9636 43.94° - 0.9268 <0.001 Y=0.8311+0.9636 log TL 
TLXHL 82 1.3363 0.8625 40.78° - 0.8249 <0.001 Y=1.3363+0.8625 log TL 
TLXAL 82 0.8416 0.9817 44.47° - 0.9186 <0.001 Y=0.8416+0.9817 log TL 
TLXTn.L 82 1.6035 0.4412 23.81° - 0.6057 <0.001 Y=1.6035+0.4412 log TL 
ALXML 82 0.0487 0.8574 40.61° - 0.8823 <0.001 Y=0.0487+0.8574 log AL 
ALXMW 82 0.2972 0.8136 39.13° - 0.8363 <0.001 Y=0.2972+0.8136 log AL 
ALXHL 82 0.7187 0.7317 36.19° - 0.7479 <0.001 Y=0.7187+0.77317 log AL 
ALXTn.L 82 0.9532 0.3709 20.35° - 0.5440 <0.001 Y=0.9532+0.3709 log AL 
HLXML 82 0.1292 0.7843 38.11° - 0.7896 <0.001 Y=(-)0.1292+0.7843 log HL 
HLXMW 82 0.0909 0.7481 36.80° - 0.7524 <0.001 Y=0.0909+0.7481 log HL 
HLXTn.L 82 0.6164 0.3755 20.58° - 0.5389 <0.001 Y=0.6164+0.3755 log HL 
MLXMW 82 0.3310 0.9264 42.81° - 0.9254 <0.001 Y=0.3310+0.9264 log ML 
MLXTn.L 82 1.1624 0.3848 21.05° - 0.5486 <0.001 Y=1.6424+0.3848 log ML 
MWXTn.L 82 0.9544 0.3901 21.31° - 0.5567 <0.001 Y=0.9544+0.3901 log MW 

+   Positive allometry, -    Negative allometry 
 
Table  5: Allometric relationships for the different morphometric characters of female S. pharaonis 

Parameters ‘n’ ‘a’ ‘b’ Tangent Allometry ‘r’ ‘P’ value Regression equation 
TLXML 245 0.6848 0.9380 43.17° - 0.7223 <0.001 Y=0.6848+0.9380 log TL 
TLXMW 245 0.6281 1.0639 46.77° + 0.7802 <0.001 Y=0.6281+1.0639 log TL 
TLXHL 245 1.1926 0.9526 43.61° - 0.7327 <0.001 Y=1.1926+0.9526 log TL 
TLXAL 245 0.8145 0.9883 44.66° - 0.7313 <0.001 Y=0.8145+0.9883 log TL 
TLXTn.L 245 0.6234 0.8588 40.66° - 0.7887 <0.001 Y=0.6234+0.8587 log TL 
ALXML 245 0.3227 0.7251 35.95° - 0.7545 <0.001 Y=0.3227+0.7250 log AL 
ALXMW 245 0.3327 0.7931 38.42° - 0.7860 <0.001 Y=0.3327+0.7931 log AL 
ALXHL 245 0.8628 0.6354 32.43° - 0.6604 <0.001 Y=0.8628+0.6354 log AL 
ALXTn.L 245 0.3424 0.6344 32.39° - 0.7874 <0.001 Y=0.3424+0.6344 log AL 
HLXML 245 0.0834 0.7627 37.33° - 0.7636 <0.001 Y=-0.0834+0.7627 log HL 
HLXMW 245 0.0722 0.8340 39.82° - 0.7952 <0.001 Y=-0.0722+0.8340 log HL 
HLXTn.L 245 0.0170 0.6474 32.92° - 0.7730 <0.001 Y=-0.0171+0.6474 log HL 
MLXMW 245 0.4355 0.8647 40.85° - 0.8235 <0.001 Y=0.4355+0.8647 log ML 
MLXTn.L 245 0.5705 0.6371 32.50° - 0.7599 <0.001 Y=0.5705+0.6371 log ML 
MWXTn.L 245 0.3290 0.6612 33.47° - 0.8281 <0.001   Y=0.3290+0.6612 log MW 

+   Positive allometry. -    Negative allometry 
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Fig. 2: Showing the allometric relationships of male S. pharaonis 

 
The transformed length fitted over weight gave linear growth indicating the three dimensional growth 

structures of most fish species (Lagler et al., 1977). A value of the length exponent in the length-weight 
relationship being isometric implies that the fish species did not increase in weight faster than the cube of their 
total lengths. However, the weight of the rest species increased faster than the cube of their total lengths. A 
significant difference (F= 15.6727) was found between the regressions of length and weight of immature and 
mature hermaphroditic snail Melampus ceyonicus (Shanmugam 1995). Palpandi et al. (2010) obtained the 
significant difference (F=0.5093) was found between the regression of length and weight of male and female of 
N. crepidularia. In the present study also significant difference (F=20.0125) was found between the regression 
of length and weight of male and female of S. pharaonis.  The LWR parameters (a, b) of the fish are affected by 
a series of factors such as season, habitat, gonad maturity, sex, diet, stomach fullness, health, preservation 
techniques and annual differences in environmental conditions (Bagenal, Tesch 1978, Froese 2006). Such 
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differences in values b can be ascribed to one or a combination of most of the factors including differences in 
the number of specimens examined, area/season effects and distinctions in the observed length ranges of the 
specimens caught, to which duration of sample collection can be added as well (Moutopoulos, Stergiou 2002). 
The information provided in this aspect would very much constructive for the study of biology and distribution 
along the Indian waters.  

  

  

 
Fig. 3: Showing the allometric relationships of female S. pharaonis 
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